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Abstract

Infrared thermography is one of the widely used non-invasive diagnostic methods. While the procedure is mainly used for early malignant tu-
mor diagnostics, a potential application for thermography was proposed in cardiovascular, skin, autoimmune diseases, arthritis, Reynaud’s syn-
drome, burns, surgery and therapeutic treatment monitoring. The method of thermographic evaluation has not changed significantly since the
end of 20th century. In this study we attempted to characterize the influence of skin capillary blood flow on surface temperature recuperation
following local hypothermia. To improve sensitivity and standardize the procedure we developed a study protocol that involves minimizing or
excluding the influence of external factors on study results. An original applicator was used to apply dosed hypothermia. Massive porcine tissue
block was chosen as a passive model without active heat and mass transfer but with heat capacity, structure and heat dissipation characteristics
similar to human tissues. 51 healthy volunteers were assigned to control group, while 16 patients with diabetes mellitus constituted the main
study group. Cumulative temperature difference was calculated in all cases. It was 121,8 + 70,8 °Cxs in the control group, 95,6 + 54,4 °Cxs in the
main study group and 307,2 + 43,4 °Cxs in the passive model. Based on the study results, we made the following conclusions: absence of heat and
mass transfer in the passive model complicates heat balance recuperation due to layered structure of the skin; heat balance recuperation curve
is an individual parameter and is not influenced by age or gender.
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litus, skin capillary blood flow.
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NOTEHUMA MPUMEHEHMS OUMHAMMUYECKOM
TEPMOTPAD®UU KOXMU
NOCIE NOKANBHOM TMNOTEPMMU

U.A. Hoeukos, C.1O. Metpos, E.C. Peitn, T.E. bopucenko, C.B. CaobHukoeaq, E.D. Jlyuesny,
C.2. Aeetucos
HayuHo-mnccnenosatenbckuit MHCTUTYT rasHbix 6onesHei, Mocksa, Poccus

Pesiome

MeTog AMCTaHUMOHHOWN MHpPaKpacHon Tepmorpadumn — oanH U3 HEMHBA3UBHbBIX AMArHOCTUYECKMX METOAOB, WNPOKO NPUMEHSAEMbIX B
meguuvHe. MoMrMo NMpUMeHeHNA ANs paHHel ANAarHOCTMKM 3/10KaYeCcTBeHHbIX HOBOOOPA30BaHUIA ObIIO NMPeanoXKeHo ero NCrnoJsib3oBa-
HUe MpU COCYAUCTbIX 3aboeBaHNAX, KOXKHbIX 60Ne3HsX, PEBMATUUYECK/X 3a60/1eBaHMsAX, apTpUTax, CUHAPoMe PeilHo, oXorax, Xupypruu,
MOHUTOPUHTe 3PPEeKTUBHOCTY TepaNeBTUYECKOTO SleyeHnA 1 Ap. Heo6Xo4MMOo OTMETUTDL, YTO C KOHLIA MPOLUSIOrO CTONETUA TEXHUYECKNIA
YPOBEHb BbIMOJIHEHWSA TECTOB CYLIECTBEHHO He MeHANCA. B cBoel paboTe Mbl NMOMbITaNNCb OXapakTepr30oBaTb BKIAA KanviaapoB cucTe-
Mbl KDOBOCHA0XeHWA KOXW B AVHAMVIKY BOCCTaHOBJIEHMSI TeMMepaTypbl MOBEPXHOCTU MOCSIE SIOKaNbHOW runotepmun. [ns nosblweHns
UyBCTBUTENbHOCTM U CTaHAAPTU3aLMUM MeTofa Mbl pa3paboTani NPOTOKON NUCCefoBaHNA, MPeAnonaraoWwmini MakcMasbHyo CTaHAapTU-
3aLMto YCNTOBUI BHELUHEN CPeAbl U UCKTIOUYEeHVEe NX BAAHNA. 1A [03MPOBaHHON JIOKaIbHOW XONI0A0BON Harpy3Ku NCNosb3oBanv opu-
TVMHaNbHbIV annivKaTop. B kKauecTBe NacCYBHON TEMIOBON MOLENN C OTCYTCTBYEM aKTMBHOIO TEMIOMACCONEPEHOCa, HO C BAN3KUMY K Ye-
JIOBEYECKNM TKaHAM CBOMCTBaMU TEMIOEMKOCTU, CTPYKTYPOI 1 XapakTepom KOHAYKTMBHOMO nepepacnpepeneHns Tenna, 6bina BblbpaHa
MOZEeJIb Ha OCHOBE MacCUBHOTO 6/10Ka TKaHel CBMHbY. [pynny KOHTPOJIA COCTaBWIIN YCIIOBHO 340POBble AO6POBObLIbI. B rpynny KoHTpona
BOLWIM 51 YenioBeKa, B rpynmny 60/bHbIX AnabeTom |l Tvna —16 yenoBek. Hamu nosyyeHbl moKasaTeniv MHTerpasbHON pa3HULIbl TemnepaTyp.
MokasaTenb MHTerpanbHOW pasHULbl TEMMepaTyp 340POBOro Yenoseka coctasun 121,8 + 70,8 °Cxc, naccmsHom mogenu — 307,2 £ 43,4 °Cxc,
60/bHOTrO caxapHbiM anabetom — 95,6 + 54,4 °Cxc. bbinu caenaHbl cnefyiolne BbIBOAbI: OTCYTCTBME TEMIOMACCONEPEHOCA B MACCUBHOW
MOZENN YCNOXHAET BOCCTaHOBJIEHNE TEM/IOBOro 6anaHca B BUAY MHOTOC/IOMHONO CTPOEHMUs KOXU; KpUBas BOCCTAHOBJIEHUS TEMI0BOro
6anaHca UHAMBUAYanbHa 1 He 3aBUCUT OT MoJia 1 Bo3pacTa.

KnioueBble cnoBa: Tepmorpadus, 6eCKOHTaKTHasA AMHaMUYecKas Tepmorpadus, TENI0BM30p, anmanmKaTop A8 NPOBEAEHS X0040BOM
npo6bl, N30TEPMUYECKAn Kamepa, CaxapHblii AvabeT |l Tuna, KanunnapHoe KPOBOOGPALLEHVE KOXKN.
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Introduction

Noninvasive infrared thermography is one of the
widely used diagnostic methods. The first practical ap-
plication of diagnostic thermography was proposed in
1957 by R. Lawson, who discovered that skin temper-
ature in the area of a breast tumor is higher than the
temperature of the normal tissue [1]. In addition to its
application for the early diagnosis of malignant tumors,
its use was also suggested for vascular diseases (dia-
betes mellitus, thrombosis), skin diseases, rheumatic
diseases, arthritis, Raynaud syndrome, burns, surgery,
monitoring of the therapeutic treatment efficacy, etc
[2-5]. It should be noted that since the end of the last
century the technical level of tests has not changed sig-
nificantly.

Currently almost all known varieties of thermograph-
ic diagnostics evaluate condition of tissues and organs
that project their heat-generating properties onto the
skin and mucosa surface directly above them. The use
of thermography in diabetes mellitus, where the mea-
surements of heat generation are aimed at identifying
significant systemic disorders of innervation and blood
circulation seems to be an exception [6, 7].

Diagnostic thermography in diabetes mellitus is
an example of a potential application of local thermo-
graphic measurements for monitoring the development
of various system level changes. Changes in the regula-
tion of skin capillaries or their systemic degradation will
evidently be reflected in the temperature fluctuations of
any arbitrary local surface area of the body.

We assumed that creation of a new method of dy-
namic thermal evaluation, limited in depth to evaluate
heat exchange in the skin no deeper than the layer of
subcutaneous tissue, would significantly increase the
sensitivity of thermography to changes of cutaneous
microcirculation. An increase in sensitivity along with a
strict standardization of test conditions may be sufficient
to assess subtle changes in systemic capillary status.

Aim: to assess the contribution of the capillaries of
the skin blood supply system to the dynamics of surface
temperature recovery after local hypothermia.

Materials and methods

Room for thermographic research

When conducting dynamic thermography, in con-
trast to static measurements, external short-period tem-
perature fluctuations introduce significant interference.
To reduce the effect of external temperature fluctuations

associated with convection turbulence, thermography
was carried out in a room with a laminar air exchange
system (fig. 1). The air inflow was provided through lami-
nar nozzles by the air supply unit with the “Breezart 1000
lux” electric heater (Brizart LLC, Russia), and the outflow
was executed from a low point using a BP-86-77-2.5 ex-
haust system (Zavod Musson LLC, Russia). The thermo-
setter of the air handling unit provided a constant tem-
perature of 24 + 0.25 °C. The measurements were carried
out at an atmospheric pressure of 746 + 10 mm Hg.

Isothermal chamber

The isothermal chamber was constructed to elimi-
nate thermal range reflections from the surrounding ob-
jects on the surface of the skin. The size of the chamber
was 50x50%x190 cm. It was covered on the inside with a
carbon dyed heat-absorbing material.

Applicator for dosed local hypothermia

The local cold test was performed using an original
applicator, which is a polymer cylindrical hollow body,
one of the ends of which is hermetically sealed with a
12.5 mm aluminum plate (fig. 2). Deionized water (en-
dothermic phase transition at 0 °C) in a volume of 2 ml
served as the working medium ensuring the constancy
of the applicator surface temperature. Efficient heat
transfer from the aluminum plate (working surface of
the applicator) to the working medium was provided by
the aluminum core. Prior to the test the applicator was
cooled to a temperature of -18 °C, and then under the
thermographic control it was heated until the surface

I\

Fig. 1. Diagram of an isothermal chamber and a room for
research (1 — room for thermographic research; 2 — isothermal
chamber; 3 — infrared camera on tripod; 4 - air flow direction)
Puc. 1. Cxematuyeckoe nsobparkeHue nsotepmanbHOW Kame-
pPbl U ONbITHON KOMHaTbl (1 — KOMHaTa /1S TEMJIOBbIX UCCNEe0-
BaHUW; 2 — n3oTepmanbHasa Kamepa; 3 — UHPpaKpacHaa Kamepa
Ha WwTaTuBe; 4 — HanpaBJieHUe BO34YyLHbIX MOTOKOB)
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Fig. 2. Cold test applicator design (1 — polymer cy-
lindric body; 2 — working surface of the applicator
(12.5 mm aluminum plate); 3 — aluminum core; 4
— silver coupling mounted on the aluminum core;
5 — working medium (2 ml deionized water))

Puc. 2. Cxema ycTpoicTBa anmiMKaTopa «xosoj-
Horo» Tecta (1 — nonMmepHas o6ono4ka B popme
UMAMHAPa; 2 — paboyasi NOBEPXHOCTb anmniMKaTo-
pa (12,5 mm antommHueBasi npo6Ka); 3 — aNloMUHMU-
eBas cepaueBuHa; 4 — cepebpsiHaa mydTa, ycTa-
HOB/JIEHHaa Ha anlOMWUHUEBYIO cepALeBUHY); 5 —
pa6oyas cpeaa (2 M A€ MOHM3UPOBAHHOW BObl))

Fig. 3. Thermographic evaluation of the passive model
Puc. 3. Mpouecc TennoBoi OLEeHKM NacCCUBHON Moaenun

temperature reached 0 °C. The temperature “jerk” at the
moment of application, associated with the limited rate
of heat transfer in water, was largely compensated for by
silver coupling (Ag 99.9%) tightly mounted on the core.

Infrared camera

Testo 875 (Testo SE &Co. KGaA, Germany) infrared
camera was used in the current study.

Image Quality: 160x120 pixel matrix, with thermo-
graphic image resolution of 320 x 240 and the spectral
range of 8-14 um. The study was conducted using a dy-
namic temperature scale with automatic recognition of a
hot/cold point. Temperature resolution was 0.1°C.

Passive model of skin heat dynamics

Asingle porcine tissue block was chosen to be a passive
model in our study with no active heat and mass transfer,
but with heat capacity properties, structure and nature of
conductive heat redistribution close to human tissues. A
block of tissues measuring 20 x 25 x 6.5 cm included the
epidermis, dermis, subcutaneous fat and muscle tissue.
Bone and cartilaginous tissues were absent.

In the experiment the block was placed on the Ecros
ES-HF3040 laboratory heating surface (Ekros-Analytika

LLC, Russia), with a given surface temperature of 41 °C. To
reduce heat loss in the lateral directions, the block was
placed in aframe of foamed polyurethane (fig. 3). Dynamic
thermographic measurements of the passive model were
carried out after thermal balance between the passive
model surface and the environment was reached.

A group of healthy volunteers

51 healthy volunteers (16 male and 35 female) aged
between 21 to 89 took part in the study. Information
about related diagnoses was registered according to
medical records. Exclusion criteria were diseases of the
cardiovascular system: hypertension, coronary heart dis-
ease, atherosclerosis, rheumatic heart diseases, and also
diabetes mellitus type [ and Il.

A group of diabetes mellitus patients

16 patients with type 2 diabetes mellitus (10 male and
6 female) aged between 37 to 84 years were enlisted in
the study. The presence of diabetes complications, such
as renal failure, heart failure and ocular manifestations of
diabetes, as well as duration of the disease and surgical
interventions (microinvasive vitrectomy, panretinal laser
coagulation) were noted based on medical records.
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Pre-study adaptation

All subjects didn't receive any vasoactive drugs at
least for 24 hours before the study. On the day the sub-
jects were banned from drinking coffee, tea and smok-
ing. The movement of a person into a room equipped for
thermography was carried out in such a mode that the
subject avoided noticeable loads on the cardiovascular
system in accordance with his age and somatic condition.
Given the insignificant temperature difference between
the conditions of a thermostatically controlled room for
thermographic research and other rooms of the institute,
a rational pre-study adaptation time was 15 minutes. The
timing of adaptation was selected on the basis of tem-
perature stabilization of the passive model after 10-12
minute adaptation after transportation from an arbitrary
room to a room for thermographic studies.

Data acquisition protocol

In the study of human skin temperature, the thermal im-
ager was mounted horizontally on a tripod at a height of
110 cm from the floor directly at the entrance to the isother-
mal chamber. After initial thermographic evaluation the
cold test applicator was put to the inferior zygomatic bone
margin area for 20 seconds. The study area was chosen due
to ease of access, high blood vessel density and a sufficient-
ly long distance from organs that may interfere with the
results of infrared imaging (e.g. air flow during respiration).
Thermographic images were acquired each 20 seconds for
5 minutes following applicator removal. Immediately after
this, similar manipulations were performed on the inferior
zygomatic bone margin area on the other side.

During porcine tissue block evaluation, the infrared
camera was installed vertically above the study surface.

The applicator was put to the skin in the central part of
the block surface. Image capturing mode, application
time and thermogram recording intervals were the same.

Data processing

Thermographic images were processed and analyzed
using specialized IR Soft program (version 3.1sp3). The
lowest temperature in local hypothermia zone was ac-
quired using the program (fig. 4).

After image processing empiric temperature recov-
ery diagrams were drawn based on minimal recorded
temperature in cold application zone.

According to the basic idea of trying to evaluate the
active and passive components that determine heating
of a skin surface area after local cooling, it became neces-
sary to choose a smooth temperature recovery function.
In further calculations, we took into account temperature
fluctuations with respect to the smooth recovery curve,
which is set parametrically, not absolute temperature
values. As a similar basic curve, the logarithmic function
of temperature recovery was reconstructed using the
least square method for each test. The choice of the log-
arithmic law as the basis of the approximating function
was motivated by its highest affinity for the obtained
recovery temperatures when studying a passive model
of pig tissue. Initially, when choosing the “basic” law, we
compared all the options of nonlinear functions offered
by SPSS Statistics (quadratic, cubic, power, logarithmic,
exponential, etc.). When describing the temperature re-
covery curve of the passive model, the logarithmic func-
tion showed maximum determination coefficient R2 (the
dispersion fraction of the dependent variable Y, specified
by the predictor X).

- 4

N

Number of points /
KONMNYEeCTBO TOYEK

: I

170 186 202 216 236 250 266 282 298 314
Temperature °C /Temnepatypa °C

Fig. 4. Minimal temperature detection in cold application zone.
A thermal image acquired using Testo 875 software and color
reference for interpretation are shown above. Cooled zone is
visible on the patient’s right cheek after cold application. This
area is cooler (marked with blue color) compared to surround-
ing tissues. Temperature distribution for the highlighted area is
presented in the lower part of the picture. Minimal detected tem-
perature in this area is used for all following calculations

Puc. 4. 3amepeHne MUHUManNbHOW TemnepaTypbl B npejenax
npeABapuTENbHO OXNAaXAEHHOro y4acTKa Koxku. CBepxy — no-
Jly4yeHHas ¢ Nomolbio NporpaMmHoro o6ecnevyeHusa Testo 875
TepMorpaMma MoBEPXHOCTU N1La U LBeToBas fiereHaa ans ee
MHTepnpeTauuu. Ha npaBoit Weke nauMeHTa BUAHA JiOKanbHas
oxNlaXkjeHHasa 30Ha, o6pa3oBaBlUasiCA Nocje KOHTaKTa ¢ an-
nanKkaTopoM. OTHOCUTENIbHO OKPY>KaloLWMX TKaHeil, 30Ha oxnax-
AeHa (MapKupyeTcs CUHUM LBeToM). [ina o6nacTu BblAeNneHHON
NPSMOYro/ibHUKOM Ha TepMorpaMme, B HUXKHEW YacTU PUCYHKa
noKasaHo pacnpepjeneHue Temnepartyp. [Ana paanbHeWLWUX Bbl-
YyucneHui 6bi1a UCNoib30BaHa MMHUMalbHasa Temnepartypa, 06-
Hapy>XeHHasi B 3TO1 30He
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Fig. 5. Example of instantaneous deviations of the actual sur-
face temperature recovery from the logarithmic trend

Puc. 5. lpyumep MrHOBEHHbIX OTK/IOHEHWUW peanbHON KPUBOM
BOCCTAHOBJIEHUS TeMNepaTypbl OT 1orapudMmUYecKoro TpeHaa

Thus, a logarithmic regression was individually calcu-
lated for each patient and passive model test, according
to which the remainder modulus was calculated (fig. 5)
for each point of the time axis with an interval of 20 sec-
onds. Then the total parameter YAT characterizing these
residues was calculated. The real temperature and its
dynamics, approximated by the logarithmic law, made it
possible to calculate the temperature deviation from the
“ideal” restoration of the thermal balance of the surface
(fig. 5). To exclude the dependence of the temperature
beat volume on the fractionality of observations, the
sum of these deviations was multiplied by the time be-
tween measurements: [AT = YAT x t (°C x s). The present-
ed indicator was conditionally called by us “cumulative
temperature difference”.

Statistical analysis was conducted using IBM SPSS
Statistics 21 software package.

We used the nonparametric Mann-Whitney test to
compare independent samples, given that the [AT distri-
bution is different from the normal distribution for com-
paring groups by this indicator.

Results

Mean JAT value for thermographic evaluation of por-
cine tissue block passive model was 307.2 +43.4 °Cxs.

JAT was significantly lower in the healthy volunteer
study group (121.8+70.8 °Cxs). High individual conver-
gence of measurements was revealed for each person.
At the same time, it was found out that the individual
contralateral discrepancy JAT did not exceed 18%, and
the discrepancy in a series of repetitions in a day time
or more did not exceed 19%. There were no statistically
gender or age-dependent significant differences in JAT.
Similarly, no correlation was revealed between [AT and
cardiovascular system disorders (hypertension, coronary
heart disease, atherosclerosis, rheumatic heart diseases).

Table

Cumulative temperature difference (IAT) in healthy individu-
als, in the passive model and in people with diabetes
Ta6auuya

UHTerpanbHasa pasHuua Temneparyp (IAT ) Y 3A0pPOBbIX AULL,, B
NaccUBHON MOAEAU U Y AUL, 6OAbHBIX AnabeTom

Number of
patients/cases

JAT, °Cxs

Healthy volunteers

51 121,8+70,8*
300poBble 4O6POBONbLbI
Passive model 5 307,2+43,4
MaccrBHas mopenb
Diabetes mellitus 16 95,6+54,4%

BonbHble grabetom Il Tvna

Data expressed as mean (M) £ standard deviation (SD)
* difference in groups p=0,021

JAT - cumulative temperature difference

Pe3ynbTaTbl NpeAcTaBieHbl B BULE CPeHErO 3HAYEHUsA
(M) = cTaHpgapTHOe OTKNoHeHue (SD)

* pasHuua B rpynnax p=0.021

JAT — uHTerpanbHas pasHuLa TeMnepaTypbl

The group of patients with verified diabetes showed
statistically lower values of 95.6 + 54.4 °Cxs compared
with the group of conditionally healthy people in con-
trast to the passive model, which demonstrated overes-
timated AT index.

Discussion

In the current study we attempted to characterize in-
dividual systemic features of a human capillary network
by means of a thermographic evaluation using dynamic
thermography.

It is obvious that active heat and mass transfer facilitat-
ed by the capillary network in the epithelial tissues will in-
fluence the heat production of each surface area. This gen-
erally contributes to a static thermal balance value, which
is a constant surface temperature in the given conditions.

Human tissues in direct contact with the environment
play virtually no part in heat generation. They receive
excess heat from internal organs, functioning as a kind
of radiator, since it is the cover tissues that are most in-
volved in heat removal process [8, 9]. Under conditions
of room temperature (21-23°C) and relative humidity of
40-60%, the greatest amount of heat is removed from
the body through radiation, i.e. in the form of infrared ray
generation from the body surface [10]. There are many
attempts to use static temperature indicators to assess
the condition of both the underlying internal organs and
the network of blood vessels actively transferring heat
from them to the surface [1-5].

Dynamic measurements aimed at evaluating local
vessel conditions are also known. In these measurements
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vessel reactions were assessed mainly using cold test. I.
Mizeva et al. [11] studied the relationship between blood
flow and skin surface temperature during cold test using
simultaneous thermometry and laser Doppler flowmetry
(LDF). The authors sugggested 2 mechanisms for vascular
reaction change based on LDF results the first mechanism
is the rapid change in skin thermal conductivity associated
with a decrease in “recruited” capillaries, and the second
mechanism is a decrease in the force of temperature ef-
fects caused by constriction of arterioles and redirection
of blood into arteriovenous anastomoses. However, no
correlation between skin surface temperature deviation
and LDF data was observed during cold test.

M. Davey et al. [12] questioned the hypothesis about
the effect of skin blood flow on cold test results. The au-
thors attempted to assess the influence of skin blood flow
on the change in skin surface temperature in subjects
not suffering from cold injury by comparing the change
in blood flow during a cold test on a perfused and non-
perfused foot. These results were compared with those
of patients diagnosed with non-freezing cold injury.
Based on the thermographic and LDF data they acquired
the authors made a conclusion that any difference in skin
surface temperature between the study groups was de-
termined exclusively by the effect of blood flow.

All of the mentioned studies confirm the connection
between the local and regional metabolism and the sur-
face thermal dynamics. But at the same time, the ques-
tion remains: does the nature of temperature recovery
after local surface hypothermia bear information about
subtle changes in the status of capillaries at the system
level? We assumed that the weak thermal response of the
local skin capillaries can be assessed by a detailed obser-
vation of the dynamics of temperature recovery after
dosed cooling of the local surface area.

At the beginning of our work on the method devel-
opment, we inaccurately assumed that hypothermia ap-
plied to a local area of the skin could trigger a sequence of
regulatory reactions that intensify heat and mass transfer
in the skin. These reactions will cause the temperature
recovery curve to become more complicated. Properties
of the temperature recovery curve became the main sub-
ject of our study.

To assess the dynamics of temperature recovery, an
original applicator was developed, which not only can
absorb a strictly dosed amount of heat, but also allows
limiting the contact zone. A small area of the working
surface of the applicator allows limiting the spread of the
thermal front in the lateral direction and in depth for a
short application time.

Using the example of a passive model of a block of por-
cine tissue, we attempted to give a thermographic char-
acteristic of a tissue similar to the human tissue, but lack-
ing active heat and mass transfer. As can be seen from the
average values given in Table 1, the passive model is dis-

tinguished by a large deviation of the temperature curve
from a smooth logarithmic function. At first glance the re-
sult may seem paradoxical - a more complex temperature
recovery curve in the complete absence of the ability to
control heat generation by the body - but it is explained
by the layered structure of the epithelial tissues. Indeed,
each of the layers of the skin and subcutaneous fatty tis-
sue have sufficiently contrasting properties to create a
complex passive thermal response to local hypothermia.

In these tissues both the heat capacity and the kinetic
indices of conductive heat transfer are different, which gives
the effect of the heat front lagging from different layers dur-
ing restoration of temperature balance. In such a situation,
the presence and activity of capillaries will smooth out the
temperature response of the multipart structure, “mixing”
the thermal response of the layers under observation and
also allowing them to simultaneously cool down at the mo-
ment of cold application to the surface.

Normally, human skin also has a pronounced layered
structure: the epidermis, dermis, and subcutaneous fatty
tissue. Each of these layers has its own heat capacity and
conductive properties. For this reason, skin structures
that lack the ability to “mix” the temperature will produce
a complex signal of the surface temperature recovery af-
ter contact with the cooled applicator has ceased.

To reduce the effect of thermal noise, standardization
of physical conditions and an original infrared thermog-
raphy protocol were proposed, which allowed to evalu-
ate the effect of capillaries on the temperature recovery
dynamics in a group of patients with well-studied pathol-
ogy.

It is known that in patients with diabetes mellitus the
capillaries of the skin are dilated. Such capillaries have a
thick fibrotic basement membrane [13, 14]. This should
affect the heat transfer within the skin layers, smoothing
the effect of its layered structure, during temperature
recovery after local hypothermia. The single measure-
ments we carried out confirm this effect (see Table 1).

We believe that the proposed approach to dynamic
thermography in combination with dosed local cold test,
which allows to limit the thermal response of tissues to
the depth of subcutaneous fatty tissue, gives much more
information about capillary status than any other “glob-
al” tests.

Probably, in the future it will be necessary to move
from the summation of the temperature difference be-
tween the real recovery curve and its mathematical mod-
el, which we have provided as examples for individual
key points in time, to an integral description of a continu-
ous process. But it will be rational after careful selection
of the optimal approximation function of real data.

Conclusion
As a result of research (experiment), standardization
of physical conditions and the original protocol of infra-
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red thermography were proposed. An applicator for lo-
cal dynamic thermography was created. The following
conclusions were also made: the lack of heat and mass
transfer in the passive model complicates the restoration
of heat balance due to the multi-layered structure of the
skin; the heat balance recovery curve is individual and
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does not depend on gender and age. We obtained the
JAT indices of the integral temperature difference. The
JAT indicator of a healthy person was 121.8+70.8°Cxs; in
the passive model it was 307.2 £43.4°Cxs; in diabetes it
makes 95.6 + 54.4°Cxs. All the above results give the po-
tential to use the method in medicine.
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